ABSTRACT -Context -Biliary atresia is a progressive, idiopathic, fibro-obliterative disease of the extrahepatic biliary tree that presents with biliary obstruction exclusively in the neonatal period. Objective -To assess the differences regarding age at referral, age at surgery, duration of propaedeutics and waiting time for surgery between two groups of infants in different periods. MethodsRetrospective study of infants diagnosed with biliary atresia on two periods: 1983-1993 and 1998-2011. Results -Biliary atresia was diagnosed in 129 infants, being 48 in casuistic I and 81 in casuistic II. The median age at admission was 94 and 60 days, respectively (P = 0.0001). On evaluating patients who had undergone portoenterostomy before 120 days of age, no difference was observed regarding the duration of propaedeutics or waiting time for surgery (P = 0.15), but difference was found when comparing the age at surgery (P = 0.002). Among those infants with no biliary flow and without liver transplantation or death after 18 post-operative months, the estimated probability of survival was 44.6% and 38.7% in casuistics I and II, respectively. In casuistic I, all infants who showed biliary flow were alive during the observation period and, in casuistic II, 80.3% were alive after 7 years of follow-up. Conclusions -Even though patients were admitted and treated earlier, it is clear that surgery could be done sooner. Delay in referral and timely propaedeutics were the main contributors.
INTRODUCTION
Biliary atresia (BA) is a condition restricted to infants (38) , and is responsible for 50% of liver transplantation indications in the pediatric population (1, 10) . It is a disease of both the intra-and extrahepatic bile ducts resulting from an inflammatory process which leads to the absence or progressive obliteration of ducts (26, 37) . Etiopathogenic factors are unknown, however, multifactorial events may play a role (4) , in which genetic and environmental factors interact to promote the obliteration of the biliary tree (16, 32) . BA should always be recalled as a probable diagnosis when jaundice with cholestatic characteristics lasts beyond the 14th day of life (30) . The diagnosis is based, mainly, on the clinical, laboratorial, ultrasound image and histological evaluations. Rapid diagnosis and early surgical intervention -Kasai surgery -are the main factors described in literature for a favorable prognosis (5, 20, (39) (40) (41) 47) , the reason why propaedeutics should be concluded before the first 6 weeks of life (25) . The establishment of biliary flow at the post-operative period can be achieved in 70% to 80% of patients who undergo surgery before 60 BILIARY ATRESIA: evaluation on two distinct periods at a reference pediatric service days of life; this becomes reduced to 25% in patients older than 90 days (43) . One of the greatest problems regarding BA is the late referral to the reference centers (8) , delaying propaedeutics which, in turn, leads to worse results. When evaluating BA cases from July 1983 through September 1993 (37) , the Pediatric Gastroenterology Sector of Minas Gerais Federal University (HC-UFMG) observed a delay in both referral to this service and surgical procedure. Since then, articles have been published in both national (3, 10, 11, 21, 36) and regional (14) medical journals, as well as by the regional medical society homepage (15) , for the acknowledgment and early referral of infants with cholestasis in an attempt to alert the medical population. Starting in 1998, together with those initiatives, and aiming at improving the results, a protocol has been established for the cholestasis propaedeutics so that diagnosis could be achieved faster.
This study assessed whether those changes altered the patients' age at referral, age at surgery, propaedeutic duration, and surgical results regarding biliary flow and survival rates between the periods of 1983-1993 and 1998-2011 
METHODS
This is a retrospective study with infants diagnosed with BA at the HC-UFMG on two distinct periods: July 1983-September 1993 and January 1998-December 2011.
The following variables were evaluated: clinical (age at referral, gender, age at surgery, existence of post-Kasai bile flow, and survival rates), laboratorial (bilirubin dosage -total and direct, aspartate aminotransferase -AST; alanine aminotransferase -ALT), ultrasonographic and histopathological (pre-and intraoperative liver biopsy, evaluating fibrosis or cirrhosis). The anatomopathological analysis was conducted by experienced professionals of our institution.
When evaluating age at referral, all infants with BA diagnosed at the service in both periods were included. Regarding the other variables, only infants with BA submitted to portoenterostomy before 120 days of life were included. Those older than 120 days of life were excluded because they were referred directly to liver transplantation.
The time between commencement of propaedeutics after referral until execution of surgery was analyzed. During the 1983-1993 period, the propaedeutic protocol for investigation of cholestatic jaundice consisted of laboratory tests, abdominal ultrasound (US), duodenal tubing, hepatic histology and, occasionally, scintigraphy. After 1998, a protocol employing only US and hepatic histopathology ( Figure 1 ) was developed, aiming at concluding the propaedeutics and indicating the surgery in a 5-day maximum period.
US is performed after a 6-hour fast and is compatible with BA when the triangular cord is identified and/or associated with gallbladder alterations (absent or contracted); or findings compatible with polysplenia syndrome. The biopsy performed during the propaedeutics was considered suggestive of BA when ductal proliferation, portal fibrosis, and biliary plugs were present.
The presence of post-Kasai bile flow was considered positive when total bilirubin was lower than 3.2 mg/dL 3 months after surgery (12, 37) . For data analysis, the Epi Info 6.04d software was used. Continuous variables without normal distribution were expressed by means of median and interquartile intervals of 25%-75% (IQ 25-75), and were compared using the MannWhitney non-parametric test. The probability was taken as significant when it was lower than 0.05. For the assessment of survival time free from either death or transplantation, the KMSURV software was used. Deadline was May 31st 1994 for casuistic I, and December 31st 2011 for casuistic II. The starting date was, for both groups, portoenterostomy, while death or liver transplantation was considered the final event.
The research project was approved by the UFMG Research Ethics Committee, protocol number 77.0.203000-09.
RESULTS
One hundred twenty-nine infants diagnosed with BA were referred to the service, 48 during the period of 1983 through 1993 (casuistic I) and 81 during the period from 1998 to 2011 (casuistic II). With regard to age at referral, median in casuistic I was 94 days (IQ 25%-75% / 64.3-116.8), and for casuistic II was 60 days (IQ 25%-75% / 41.8-75) (P = 0.0001). All infants presented with jaundice, choluria, and hypocholia or fecal acholia.
Evaluation of patients after surgery up to 120 days of age
Ninety-five patients underwent Kasai surgery before 120 days; 27 in casuistic I (28.4%) and 68 (71.6%) in casuistic II.
Median time between the start of propaedeutics after admission and the Kasai surgery performance was 10.5 days (IQ 25%-75% / 7-16) in casuistic I, and 8 days (IQ 25%-75% / 6-14.3) in casuistic II (P = 0.15). Eight patients in casuistic I had a waiting time between hospitalization and surgery longer than 14 days. This was mainly due to infections, technical difficulty in duodenal tubing, treatment of complications related to the hepatic dysfunction, delay of complementary tests, such as US and/or liver biopsy, as well as delay in the execution of the surgery itself, due to institutional problems. In casuistic II, it was observed that the median time for the beginning of tests and surgery indication was 6 days (IQ 25%-75% / 4-8). Nevertheless, despite surgery indication, patients who completed their preoperative workup had to wait 4 more days (median) until portoenterostomy performance (IQ 25%-75% / 1-10). The main reasons for portoenterostomy delay were: clinical complications -ascitis, infection, A difference was found (P = 0.002) when comparing the two periods regarding age at surgery (Table 1) . Post-operative biliary flow was present in 36% of patients in casuistic I and 51.6% in casuistic II (P = 0.18).
In casuistic I, US was performed in 59.3% of the patients (16/27) and the gallbladder could not be visualized in 62.5% of them (10/16). Evaluation of the triangular cord was not done at that time. Histopathological analysis was performed at intraoperative biopsies in 20 out of the 27 patients, all suggestive of BA, and cirrhosis was present in 25% of the samples.
In casuistic II, according to the 1998 protocol, all patients underwent US with 80.9% (55/68) compatible with BA; in 30.9% of those cases, US was used as the sole diagnostic method for surgery indication. Preoperative biopsy was performed in 69.1% (47/68) of the patients and the results were compatible with BA in 76.6% (36) of them. Intraoperative biopsy was performed in all patients and BA was compatible in all cases. Hepatic cirrhosis was observed in 23% of the cases, with 1 patient among those submitted to surgery before 60 days of life and 13 among those older than that (Table 1) .
Follow-up time presented a median of 11.5 months in casuistic I (IQ 25%-75% / 5-33.9) and 21.2 months in casuistic II (IQ 25%-75% / 7.4-58.6). When assessing the survival curve of patients with native liver and without postoperative biliary flow, the estimated probability of survival was 74% for 6 months and 44.6% for 18 months in casuistic I. Seven patients died during follow-up. In casuistic II, the survival curve of patients with native liver and without postoperative biliary flow showed a survival estimate of 70% in 6 months, 59.8% in 12 months, and 38.7% in 18 months (Figure 2) . Sixteen patients died and 11 were either transplanted or referred to liver transplantation.
For that, bilirubin dosage in every newborn with jaundice after 2 weeks of birth is a universal guideline. Referral for surgery in due time remains a challenge all over the world (20) . A Canadian study reported a median of 55 days of age at referral (39) , whereas an American study reported a median of 61 days (45) . This study verified an earlier referral during the second period of observation, perhaps partly due to a greater awareness by health professionals, what, nonetheless, cannot be stated by this study design. Even in casuistic II, however, patients were referred past the ideal age. Literature has identified these possible factors for the delay at referral: lack of knowledge of the importance of an early diagnosis; incorrect handling by the pediatrician, that takes the jaundice as of little importance given the good nutritional state of patients; repeated pediatric consultations to assess the so-called physiological jaundice or breast milk jaundice; erroneous assessment of serum bilirubin levels; family's naive interpretation of jaundice as a physiological event and use of home remedies as therapeutic measures in jaundice, therefore retarding the consultation with a physician; and, ultimately, a delay caused by the difficulties in accessing medical assistance (30) . Davenport et al. (9) , when analyzing patients at King's College Hospital, observed that the main motives for late diagnosis and treatment were failure of parents in searching medical evaluation for the persistent jaundice, delay in transference or a wrong diagnosis by the general physician, and a liver biopsy that did not suggest BA initially.
Despite a consensus about the importance of an early Kasai surgery, this procedure is still performed quite late in Brazil. Encompassing all different geographical regions in this country, it was shown that the average age at surgery was of 82.6 days (11) , well above what is seen in literature: 54 days in the United Kingdom (8) , 57 days in France (40) , 61 days in the United States of America (42) , and 68 days in Switzerland (47) . At the HC-UFMG, during the last 14 years, a significant improvement occurred in patients' surgical age being reduced from 93 to 71 days. Despite this improvement, such a result still remains unsatisfactory.
Postoperative biliary flow is strictly connected to the time of the portoenterostomy (1) . If the surgery is performed within the 60 first days of life, the procedure provides drainage of bile into the intestines in at least 70% to 80% of cases. When done between 60 and 90 days of life, approximately 40% to 50% will develop biliary flow. After 90 days of life, up to 25% will evolve with biliary draining, whereas, when performed after 120 days of life, only 10% to 20% of patients will exhibit biliary flow. No difference was observed in postoperative biliary flow between the two groups, probably due to the small sample of patients having early surgery, as demonstrated by an older age at surgery in both periods.
The establishment of postoperative biliary flow is the most important predictor of survival in BA (17) , with a 10-year survival rate varying from 73% to 92% in patients who became jaundice-free after surgery, while in those with permanent jaundice and inadequate biliary flow the 3-year survival is 20% (1) , a data similar to the ones found in this On evaluating the survival curve of patients with postoperative biliary flow, all of them were alive during the follow-up period in casuistic I. In casuistic II, the estimated probability of survival with native liver in 18 months was of 93.1% and of 80.3% seven years after surgery (Figure 3) . Two obits occurred in this casuistic group, and three were transplanted or referred to liver transplantation within the follow-up period. study. The introduction of liver transplantation in BA treatment can interrupt the evolution of the condition into an unfavorable outcome for patients without biliary drainage. This reduces the survival rates of native-liver infants, because liver transplantation was considered a final event in our study. When analyzing the 1983-1993 period, there was a great delay between initiation of propaedeutics at the service and performance of portoenterostomy, as well as the age at the procedure, which was beyond recommendation (20, 27, 40) . In view of this evidence and in order to improve the age at surgery, associated to the experience obtained by the service (35) from the data found in literature emphasizing the identification of the triangular cord on US (19, 22, 23, 33, 44) and importance of liver biopsy (13, 23, 29, 33, 46) , a guideline was established in 1998 in which US and hepatic histology were used during propaedeutics, withdrawing duodenal tubing and scintigraphy from the routine evaluation. This protocol targeted the confirmation of the disease and execution of the surgery within 5 days.
If one considers the propaedeutic time as the period between admission and surgery indication (and not surgery execution), the association of US with histopathology achieved evident satisfactory results, with a median of 6 days, closer to which has been recommended in literature (23) . Surgery can be postponed due to clinical complications that cannot be directly modifiable, but also by institution-related issues that can be solved in order to improve outcome. Concerning propaedeutic time, even though a decrease was observed in casuistic II, it was devoid of statistical significance. The establishment of this protocol was responsible for that improvement and the propaedeutic time in casuistic II would probably be lesser if surgery was performed promptly. We believe that not performing duodenal tubing and scintigraphy, coupled with greater access to US, were the main factors responsible for the reduction in propaedeutic time. Hepatobiliary scintigraphy has a limited value because it presents with high sensitivity, often at 100%, and has disagreeing values about its specificity, varying from 40% to 100% (2) . Although duodenal tubing has been reported as a useful method for BA diagnosis, with a specificity of 93.7% and a sensitivity varying from 97.3% to 100% (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) , it was responsible for the delay in propaedeutics at this institution (37) . It is mandatory to improve the agility in diagnosis, increase the efficiency of the diagnosis process, and decrease the time gap between referral and portoenterostomy. This implicates optimization in clinical and laboratorial tests, as well as in image and histopathological exams, since no isolated test is able to diagnose BA (31) . US (19, 22, 33, 44) owns the diagnostic accuracy of 72.5% to 100%, and the histopathology (13, 23, 29, 33, 46) shows it between 86.5% and 96.8%. US and hepatic histology, together with clinical symptoms, particularly persistent fecal acholia, were consolidated at the HC-UFMG as reliable resources for the preoperative diagnosis of extrahepatic cholestasis, specially BA (35) . Despite the improvement in patients' age at admission, late referral of suspected BA is still one of the main factors delaying the surgical procedure in our premises. Thus, the identification of signals of cholestasis (choluria, hypocholia, or fecal acholia) paired with bilirubin dosage in every infant who sustains jaundice after 14 days of life is the cornerstone. The importance of feces color analysis should be emphasized either by means of campaigns such as the "Yellow Alert" (28) or by use of the chromatic scale, presented in the Child's Health Booklet in Brazil (3) . Such information is highly necessary and must reach not only the parents, but healthcare providers as well. Those strategies proved very successful in countries that reduced the late referral of patients, improving portoenterostomy results and, consequently, decreasing the need of pediatric liver transplantations (6, 7, 18) . We should also pursue strategies to further reduce propaedeutic time and hasten the execution of portoenterostomy, as the time elapsed between them is still very long.
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